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SUMMARY 


The  objective  of  measuring  the  soil  strain  at  select  places  in 
the  test  bed  on  the  MISERS  BLUFF  -  Phase  II  -  Test  2  was  partially  met. 
Some  gage  failures  due  to  very  high  acceleration  and  an  unexpectedly 
large  positive  strain  near  the  center  of  the  test  bed  above  1.2  m  in 
depth  which  were  greater  than  50%  reduced  the  expected  quantitative 
data  yield.  The  material  here  did  not  behave  like  that  in  Frenchman's 
Flat1*2*3  as  no  significant  overexpansion  is  observed  in  that  strain 
data  as  was  observed  on  Test  1  and  2. 

A  strain  gage  capable  of  measuring  at  least  60%  strain  is  appar¬ 
ently  required  for  the  type  of  measurement  attempted  here.  Under  the 
observed  conditions  of  high  peak  accelerations,  incompetent  soil  and 
rapidly  varying  soil  density  with  time  and  with  local  shearing  and  rota¬ 
tion  present  during  the  motion,  a  unique  gage  design  is  required  if  more 
strain  measurements  are  to  be  made  on  explosive  simulation  tests  of  the 
nature  of  MISERS  BLUFF  -  Phase  II  -  Test  2. 
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PREFACE 


This  work  was  done  under  the  auspices  of  the  Defense  Nuclear 
Agency  (DNA) ,  Contract  DNA001-78-C-0260,  RDTSE  Code  B3440  79462 
J11AAXSX35257  H2590D. 

Soil  strain  measurements  down  to  1.5  m  in  depth  were  made  on  the 
MISERS  BLUFF  -  Phase  II  Tests  1  and  2  in  addition  to  the  traditional 
measurements  of  soil  stress,  acceleration,  particle  velocity  and  air 
shock  pressure.  The  soil  strain  measurements  indicated  an  initial  com¬ 
pression  due  to  air  shock  loading  on  the  surface  followed  by  a  significant 
overexpansion  of  the  soil  during  the  negative  phase  of  the  air  shock 
load i ng . 

The  support  of  Lt.  Col.  Robert  Bestgen,  Mr.  Tom  Kennedy  and 
Capt.  Robert  DeRaad  of  DNA  is  greatly  appreciated.  The  Waterways  Experi¬ 
ment  Station  (WES)  personnel  that  fielded  these  experiments  and  performed 
the  installation  of  gages  and  recording  of  the  gage  outputs  were  working 
under  Mr.  J.  D.  Day  and  Mr.  Don  Murrell.  My  thanks  to  them  and  to 
Mr.  John  Stout,  Mr.  Jim  Pickens  and  Mr.  Phil  Jones  and  many  others  from 
WES  for  their  excellent  work  under  the  dirty,  hot,  miserable  field  condi¬ 
tions  at  Planet  Ranch. 
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SECTION  I 


INTRODUCTION 

Measurements  of  the  strain  in  soil  on  shock  and  blast  experiments 
have  been  made  in  the  past,  notably  on  early  atmospheric  nuclear  explo- 
sions1’2’3.  However,  this  measurement  has  usually  been  avoided  on  tests 
where  a  high  explosives  detonation  was  used  to  simulate  the  air  and 
ground  shock  from  a  nuclear  weapons  detonation  until  the  DNA  test  series 
MISERS  BLUFF  -  Phase  II  was  executed  in  August  and  September  of  1978  at 
the  Planet  Ranch  Site  on  the  Bill  Williams  River  in  Arizona.  Two  tests 
were  performed.  One  was  a  single  109  metric  ton  detonation  of  a  stack 
of  ammonium  nitrate  and  fuel  oil  mixture  (ANFO)  and  the  other  was  the 
explosion  of  an  array  of  six  109  metric  ton  ANFO  charges  placed  on  the 
corners  of  a  hexagon  100  m  on  a  side.  These  charges  were  detonated 
simul taneously. 

The  strain  to  be  measured  would  be  induced  in  the  soil  by  the  air 
and  ground  shock  from  the  six  explosive  detonations.  Soil  strain,  soil 
stress  and  acceleration  were  measured  near  three  locations;  one  6  m  from 
the  center  and  two  between  charges  on  opposite  sides  of  the  array. 

Figure  1. 

The  soil  at  this  site  was  not  typical  of  any  of  the  soils  under 
past  high  explosive  experiments.  The  soil  had  a  very  high  void  ratio, 
about  47%,  for  the  top  1.2  -  1.6  m.  It  was  an  aeolian  and  alluvial 
deposit  of  a  fine  silt  with  very  low  strength.  This  complicated  gage 
placement  and  gage  design. 
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SECTION  I  I 


SOIL  STRAIN  GAGE  DEVELOPMENT  ON  TEST  1 

To  be  sure  that  there  was  a  reasonable  probability  of  success, 
some  initial  gage  development  was  done  on  Test  1  to  identify  a  system 
for  use  on  the  six  charge  event.  A  single  ANFO  charge  weighing  1.09  x 
102  metric  tons  was  detonated  near  the  site  of  the  six  charge  event. 

The  general  layout  is  shown  in  Figure  1.  Three  types  of  gages  were 
fielded.  One  was  a  standard  3  kHZ  carrier  system  operated  with  a  linear 
variable  transformer  (LVDT)  in  a  spool  gage  (Figure  2);  another  was  a 
so-called  DC  LVDT  which  has  the  signal  conditioning  electronics  with  the 
gage  so  a  DC  voltage  applied  to  the  gage  is  all  that  is  necessary  for 
signal  generation;  the  third  was  a  gage  developed  by  1 1 TR 1 14  which  operated 
on  the  change  in  mutual  inductance  between  two  coils. 

Outwardly,  the  first  two  look  identical.  The  LVDT  body  is  held 
in  the  tube  with  a  thin  layer  of  ridged  epoxy.  This  tube  telescopes  into 
a  second  tube.  Both  tubes  have  relatively  large  end  plates  fastened  to 
them  to  lock  them  into  the  soil.  The  maximum  linear  gage  range  is  about 
23%.  The  core  of  the  LVDT  is  mounted  on  the  end  of  a  threaded  rod  fas¬ 
tened  to  the  end  plate  as  shown  in  Figure  2  and  adjusted  to  make  the  gage 
approximately  30  cm  in  length  when  the  output  is  at  null.  Cable  protec¬ 
tion  is  accomplished  by  running  the  power  and  output  leads  through  a 
short  piece  of  0.32  cm  pipe  in  the  end  of  the  gage  tube.  A  piece  of 
heavy  Tygon  tubing  about  1  m  long  is  slipped  over  the  pipe  and  the  cable 
run  through  it.  A  splice  is  made  at  the  end  of  the  tubing  to  a  four 
conductor  cable.  Waterproofing  of  the  splice,  cable  and  tubing  keeps 
water  from  entering  the  gage  through  the  cable.  Thin  plastic  tubing  is 
slipped  over  the  gage  body  before  emplacement  and  securely  fastened  to 
the  bosses  at  either  end  of  the  gage.  The  gage  is  then  completely  water¬ 
proofed. 

The  third  type  of  gage  is  shown  in  Figure  3  after  it  was  partially 
uncovered  after  the  test.  The  coils  are  encapsulated  in  plastic  and  are 
10  cm  in  diameter.  They  are  placed  30  cm  apart  in  the  soil.  One  coil 
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Figure  2  -  Sketch  of  LVDT  Gage. 
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is  driven  at  20  kHZ  by  an  oscillator  and  the  other  coil  is  connected  to 
a  high  gain  tuned  amplifier.  The  output  is  demodulated  and  filtered  to 
remove  the  carrier  and  recorded.  All  signals  were  recorded  on  magnetic 
tape  in  a  remote  trailer  operated  by  the  Waterways  Experiment  Station. 

The  gages  were  located  at  three  places  in  the  test  bed  as  shown 
in  Figure  1.  All  gages  were  oriented  to  measure  vertical  strain.  The 
3  kHZ  LVDT  and  DC  LVDT  spool  gages  were  placed  100  m  west  of  the  charge 
at  30  cm  depth  to  gage  center.  50  m  east  of  the  charge,  one  mutual 
inductance  gage  was  placed  at  30  cm  and  DC  LVDT  spool  gages  were  placed 
at  30  cm  at  45  cm  depth.  100  m  east  of  the  charge  DC  LVDT  spool  gages 
were  placed  at  30  cm  and  45  cm  depth. 

Gage  emplacement  was  accomplished  by  cutting  a  trench  into  the 
test  bed.  The  material  was  free-standing  and  did  support  a  vertical 
wall.  Emplacement  is  done  by  chipping  material  from  the  wall  until  half 
of  a  dummy  gage  fits  into  the  wall  as  shown  in  Figure  4.  Cables  are  run 
down  to  the  bottom  of  the  trench  and  then  into  another  narrow  trench 
which  carries  the  cables  back  to  a  junction  box,  thence  to  the  recording 
trailer.  The  excavated  material  is  then  moistened  and  hand  tamped  back 
into  the  trench.  The  porosity  and  density  are  maintained  as  closely  as 
possible  to  in  situ  conditions.  On  recovery  of  gages,  no  differential 
end  plate  distortion  was  noted  as  seen  in  Figure  5,  so  it  was  assumed 
that  the  placement  process  had  been  satisfactory. 

The  charge  is  shown  in  Figure  6.  The  peak  predicted  overpressure 
at  50  m  is  1-93  mega-pascals  (MPa)  and  0.29  MPa  at  100  m.  These  values 
turned  out  to  be  quite  close  to  the  measured  overpressure. 
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Figure  5  -  Spool  Gage  after  Partial  Excavation 
Following  Test  1. 


Figure  6  -  109  Metric  Ton  ANFO 
Stack  for  Test  1. 
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SECTION  III 


RESULTS  OF  TEST  1 

The  data  recovered  from  the  first  test  are  shown  in  Figure  7  for 
the  locations  at  50  m  and  100  m  east  (90°).  The  shock  wave  pressure 
vs  time  is  also  shown  with  one  channel  amplified  so  the  positive  peak 
is  clipped  but  the  negative  phase  structure  is  clear.  There  is  a  noise 
spike  clearly  visible  which  is  not  associated  with  the  pressure,  how¬ 
ever,  and  should  be  ignored.  The  measured  positive  phase  and  negative 
phase  durations  are  40  msec  and  0.5  sec  respectively  at  50  m.  At  100  m 
they  are  60  msec  and  0.62  sec.  The  peak  negative  phase  pressure  at  50  m 
and  100  m  is  0.045  MPa  and  0.025  MPa  below  atmospheric,  respectively. 

The  strain  data  that  are  recorded  from  the  various  gages  require 
some  interpretation.  At  50  m  the  soil  compression  during  the  positive 
phase  of  the  air  blast  is  apparent.  Following  the  compression  is  an 
overexpans  ion  which  is  caused  by  the  negative  phase.  However,  during 
this  time  there  are  relatively  sudden  recompressions  of  the  soil  which 
are  not  associated  with  the  air  blast. 

The  signal  appearing  on  the  stress  and  strain  records  in  Figure  7 
near  500  ms  is  not  on  the  air  pressure  signal,  therefore  its  source  is 
not  related  to  the  explosive  performance.  The  stress  signal  at  9  m 
depth  -  100  m  range  arrives  at  0.46  sec  but  arrives  at  the  50  m  station 
at  0.52  sec  with  an  apparent  velocity  of  883  m/s.  It  appears  to  arrive 
from  a  depth  which  can  be  seen  by  comparing  the  stress  at  9  m  depth  with 
the  strain  signals  at  0.5  m  and  0-3  m  respectively  at  100  m  range  in 
Figure  7.  This  indicates  a  compressive  wave  traveling  in  a  deeper  medium 
which  is  going  toward  the  detonation  and  moving  up  through  the  test  bed. 
The  origin  of  such  a  wave  could  be  a  reflection  from  a  discontinuity  in 
the  test  bed  which  would  reflect  a  compression.  The  rock  of  the  cliff 
face  to  the  east  extends  down  almost  vertically  on  the  east  side  of  the 
test  bed  which  could  explain  such  a  wave  reflection.  The  distance  from 
the  charge  location  to  the  foot  of  the  cliff  is  400  m  and  the  sound  speed 
in  the  lower  material  is  1672  m/s.  The  round  trip  travel  time  is  0.48  sec 
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which  is  close  to  the  times  noted  here.  The  propagation  of  the  ground 
shock  through  the  lower  sound  speed  material  above  the  water  table  could 
easily  account  for  a  20  ms  increase  in  time.  Another  explanation  would 
be  to  consider  a  spalling  process  where  the  material  near  the  charge  is 
raised  higher  than  the  material  further  from  the  charge.  On  fall  back, 
the  material  further  from  the  charge  would  recompact  sooner  than  the 
material  near  the  charge  creating  a  wave  moving  toward  the  charge.  This 
means  the  effect  near  the  charge  should  be  larger  if  the  change  in  momen¬ 
tum  is  considered.  The  material  near  the  charge  falls  further  than  the 
material  farther  out  and,  therefore,  gains  a  higher  velocity  when  recom¬ 
paction  occurs.  Looking  at  the  stress  and  strain  records  at  50  and  1 00  m 
at  9  m  depth  indicates  that  the  above  postulate  could  also  be  true. 

There  is  an  additional  signal  present  on  the  stress  and  strain 
records  at  about  0.7  sec  which  cross  correlate  but  its  origin  is  obscure 
at  this  time. 

The  data  showed  that  the  carrier  operated  LVDT  with  the  signal 
conditioner  about  one  hundred  meters  away  clipped  the  signal  peak  due 
to  insufficient  range.  The  DC  LVDT's  appeared  to  present  clean  data 
while  the  mutual  inductance  gage  had  a  noisy  output  possibly  related 
to  straining  the  relatively  fragile  wires  going  to  the  coils.  There 
was  also  an  operational  problem  when  placing  the  mutual  inductance  gage 
electronics  in  the  field  which  is  related  to  temperature  changes.  The 
circuit  is  very  sensitive  to  temperature  changes  and  it  was  known  before 
the  test  that  the  air  temperature  on  the  test  bed  at  test  time  would  be 
between  41 °C  and  lt7°C.  As  the  electronics  has  to  be  within  a  few  hun¬ 
dred  meters  of  the  gage,  the  electronics  was  put  in  an  insulated  box 
which  was  buried  in  the  ground  with  ice  put  in  the  box  to  stabilize  the 
temperature.  The  circuits  were  balanced  a  few  hours  before  the  execu¬ 
tion  of  the  test  and  worked  well. 

The  mutual  inductance  gage  system,  while  capable  of  measuring 
the  largest  strains,  was  not  immediately  available  in  the  numbers  re¬ 
quired  for  the  second  event  and  the  cable  fragility  problem  at  the  coil 
had  not  been  solved,  so  a  decision  was  made  to  use  the  DC  LVDT  gage 
exclusively. 
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At  the  three  locations  instrumented  for  strain  on  the  six  charge 
event,  one  was  between  charges  at  240°  and  84  m  from  the  array  center 
(see  Figure  l)  where  five  spool  strain  gages  were  placed  at  depths  of 

0.3  m,  0.45  m,  0.6  m,  0.9  m  and  1.2  m;  one  on  the  opposite  side  of  the 

array  (60°  and  84  m)  where  five  spool  gages  were  placed  at  depths  of 

0.3  m,  0.45  m,  0.6  m,  0.9  m  and  1.2  m  and  one  at  l8o°,  6  m  from  the 

center  where  six  spool  gages  were  placed  at  0.3  m,  0.45  m,  0.6  m,  0.9  m, 
1.2  m  and  1.5  m.  Stress  gages  and  accelerometers  were  also  placed  at 
many  of  the  same  depths  in  the  trenches  near  the  strain  gages.  The 
stress  gage  is  a  thin  diaphragm  gage5  and  two  are  shown  in  Figure  8  in 
place  as  they  were  uncovered  post  test. 

The  material  at  the  three  locations  was  very  incompetent.  The 
gage  placement  in  the  trench  at  60°  was  very  difficult  because  the 
material  was  very  fine  and  unconsolidated  and  the  trench  wall  sloughed 
off  continually.  As  a  result,  the  gages  in  this  pit  were  placed  in  a 
sloping  face  and  the  materia]  hand  tamped  around  them.  Two  of  the  upper 
gages  are  shown  in  Figure  9  on  recovery.  As  a  result  of  this  experience, 
the  ground  was  moistened  to  strengthen  the  soil  by  letting  water  run 
into  a  shallow  trench  over  the  remaining  two  emplacement  sites  for 
several  days.  The  resulting  trenches  then  maintained  a  vertical  wall 
for  gage  placement. 


Figure  9  -  Two  Strain  Gages  at  60° 
During  Recovery.  The  Tilt  is 
Toward  180°. 
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SECTION  IV 


RESULTS  OF  TEST  2 

When  the  charges  were  detonated,  the  predicted  pressure  between 
charges  was  12.4  MPa.  The  incident  air  shock  wave  is  traveling  at  over 
Mach  4  while  the  speed  of  sound  in  the  soil  is  comparable  to  air,  so 
the  wave  incident  on  the  gages  should  be  primarily  vertical  in  the  gage 
arrays  between  charges.  The  measured  peak  overpressure  at  60°  was 
10.4  MPa  and  7.2  MPa  at  240°  so  the  charges  apparently  did  not  form 
identical  shock  waves  at  identical  times.  The  positive  phase  duration 
was  about  30  msec  and  the  negative  phase  duration  is  unknown.  The  gages 
near  the  center  were  located  at  1 80°  and  6  m  from  the  array  center.  The 
air  shock  had  a  distinctive  three  shock  form  shown  in  Figure  10.  The 
positive  phase  impulse  is  over  twice  that  at  the  other  locations.  The 
negative  phase  duration  is  about  0.25  sec  and  has  a  peak  value  about 
0.022  MPa  below  atmospheric.  The  environment  at  all  locations  is  con¬ 
siderably  more  severe  than  on  the  first  test. 

At  the  sixty  degree  location,  the  peak  accelerations  measured  near 
the  gages  ranged  from  -8600  g  at  0.3  m  to  ±670  g  at  1.2  m  depth.  The 
strain  data  from  the  top  two  gages  indicate  severe  damage  to  the  LVDT 
proper  because  of  signal  shape  and  timing.  The  third  gage  down  appears 
to  have  slipped  the  LVDT  core  upward  at  the  onset  of  the  acceleration. 

The  gage  at  0.9  m  appears  normal  and  the  gage  at  1.2  m  has  slipped  the 
LVDT  body  upward  in  the  tube  as  indicated  by  the  base  line.  Plots  of 
these  gage  outputs  are  shown  in  Figure  11. 

On  recovery,  the  gages  lengths  were  measured  and  compared  to  pre¬ 
test  lengths  to  obtain  permanent  strain.  These  are  tabulated  in  Table  1. 
The  gage  at  0.9  was  disturbed  when  the  excavation  caved  in  and  could  not 
be  measured.  The  indication  from  the  record  is  6%  strain  which  seems 
reasonable. 
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Table  1.  Post  test  strains  at  60°,  84  m  from  array  center 


Depth  m 


Post  Test  Strain  -  % 


.3  -k 

.45  6 

.6  11 

1.2  k 


The  slipping  of  the  gage  body  at  1.2  m  produced  an  interesting 
feature.  The  base  line  can  be  assumed  to  represent  a  LVDT  body  motion 
of  16%  of  the  gage  length  plus  the  post  test  strain  of  k%  or  a  20% 
total  movement  of  the  LVDT  body.  The  original  gage  length  was  28.7  cm 
so  this  means  the  core  moved  some  5.7  cm.  Post  test  examination  of  the 
gage  revealed  a  body  motion.  The  result  is  that  a  peak  extensionai 
strain  of  about  30%  occurred  at  about  0.2  sec  and  0.45  sec.  The  peak 
compress ional  strain  of  -12%  occurred  at  around  50  msec. 

A  second  pressure  wave  appears  in  the  rarefaction  at  about  0.12 
sec  which  has  a  very  small  amplitude  compared  to  the  incident  overpressure. 
However,  it  has  a  very  strong  effect  on  the  strain  and  is  the  source  of 
the  second  down  going  strain  signal.  It  is  propagating  through  the  test 
bed  with  an  average  velocity  of  14.3  m/sec  +2  m/sec  while  the  initial 
wave  travels  at  about  130  m/sec  +12  m/sec,  an  8:1  ratio  of  velocities 
for  the  initial  compression  and  a  compression  wave  traveling  through  an 
expanding  material.  A  typical  accelerometer  record  and  its  integral  are 
shown  in  Figure  12  to  illustrate  what  is  happening.  Caution  should  be 
used  with  these  data  because  it  is  not  clear  that  the  gage  canister  and 
soil  are  moving  together  while  the  soil  is  overexpanded. 

At  the  two  hundred  and  forty  degree  location  on  the  opposite  side 
of  the  array,  soil  stress  gages,  accelerometers  and  the  soil  strain  gages 
were  placed  in  the  same  trench.  The  material  here  was  more  like  that 
encountered  on  the  first  test  and  gage  placement  and  recovery  was  re¬ 
latively  straightforward.  The  exposed  strain  gages  are  shown  in  Figure  13 
during  recovery. 
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Figure  13  -  The  Strain  Gages  at  240°, 
84  M  During  Recovery. 
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V 


Peak  vertical  accelerations  of  from  -6500  g  at  0.3  m  to  -1200  g 
at  1.2  m  depth  were  recorded.  Two  gages,  the  ones  at  0.6  m  and  0.9  m 
indicated  gage  malfunction.  The  records  from  the  other  gages  are  shown 
in  Figure  14.  The  overpressure  was  not  as  high  here  as  at  60°  so  the 
strains  are  not  as  severe. 

Post  test  strains  were  obtained  during  recovery  and  are  tabulated 
in  Table  2.  The  final  strain  is  compress ional  at  this  location.  The 


Table  2.  Post  test  strain  vs  depth  from  Test  2. 


Depth  m 


Strain  -  % 


.3  -5 

.45  -2 

.6  -3 

.9  -2 

1.2  -i* 


gage  records  indicate  the  typical  behavior  where  the  soil  compresses 
during  the  positive  air  shock  and  then  overexpands  during  the  rarefac¬ 
tion  phase.  However,  during  this  overexpansion,  there  is  a  small  positive 
pressure  wave  that  can  just  be  discerned  on  the  pressure  record  at  0.13 
sec.  This  is  enough  to  markedly  influence  the  strain.  A  small  negative 
acceleration  can  be  seen  traveling  down  through  the  test  bed  also.  The 
wave  speed  of  the  initial  wave  through  the  test  bed  is  about  130  m/sec 
±16  m/sec.  The  wave  speed  of  the  second  pulse  is  16  m/sec  ±2  m/sec;  an 
interesting  observation  that  a  wave  recompressing  this  expanding  soil 
travels  at  a  speed  1/8  the  speed  of  the  original  wave  in  both  the  240° 
and  60°-81*  m  locations. 

At  one  hundred  eighty  degrees  six  meters  from  the  array  center, 
six  strain  gages  were  placed  with  stress  gages  and  accelerometers  nearby. 
The  material  here  had  to  be  moistened  for  several  days  before  it  was 
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competent  enough  to  allow  an  excavation  with  a  vertical  wall.  The  wall 
the  gages  were  in  was  essentially  on  a  radius  from  the  center  of  the 
explosive  array.  The  data  are  all  meaningful  in  a  sense  but  all  of  the 
strain  gages  except  the  ones  at  1.2  m  and  1.5  m  depth  were  extended  so 
far  that  the  cores  of  the  LVDT's  were  completely  pulled  out.  The  upper 
three  gages  overextended  an  unknown  amount  and  then  recompressed.  The 
gage  tubes  were  no  longer  aligned  after  extension  so  the  tubes  came  down 
side-by-side  with  the  top  half  of  the  gage  toward  the  array  center  as 
in  Figure  15.  The  gages  at  0.9  and  1.2  m  overextended  but  came  together 
with  the  tubes  intersecting  as  in  Figure  16  which  shows  the  gages  at 
1.2  m  and  1.5  m.  The  data  from  all  of  these  gages  are  shown  in  Figure  17. 

Accelerations  of  700  g  at  0.3  m  to  250  g  at  1.2  m  were  measured 
which  is  reasonable  based  on  the  pressure  data.  A  typical  accelerometer 
record  and  its  integral  are  shown  in  Figure  18. 

The  data  from  the  spool  gages  are  obviously  showing  the  LVDT  core 
being  removed  from  the  gage  which  results  in  a  positive  signal  and  as 
the  core  continues  to  leave  the  gage,  the  LVDT  goes  back  toward  a  bal¬ 
anced  condition  and  when  the  core  is  totally  removed,  the  LVDT  is  essen¬ 
tially  in  an  electrical  and  magnetically  nulled  condition.  The  signals 
on  all  of  the  gages  but  the  one  at  0.9  m,  which  was  found  with  the  core 
out  of  the  LVDT,  show  signal  structure  after  the  strain  has  ceased. 

This  might  be  due  to  stressing  the  LVDT  as  the  top  tube  had  cut  into  the 
lower  one  for  about  1  cm,  displacing  the  LVDT.  The  gage  at  0.6  m  suffered 
some  other  kind  of  distress,  as  it  should  have  returned  to  near  zero 
strain  when  the  core  was  pulled  out.  The  gage  at  1.5  m  was  half  in  a 
coarse  sand  and  half  in  the  upper  material.  The  data  recovered  from  it 
indicate  that  the  extensive  surface  material  expansion  stopped  at  or 
above  this  depth.  The  stress  gages  do  not  indicate  a  severe  decrease  in 
stress  level  but  the  peak  particle  velocity  is  falling  off  more  rapidly 
than  stress. 

Recovery  of  more  detailed  information  from  these  gages  is  possible 
by  using  the  calibration  curve  for  the  gage  shown  in  Figure  19.  The  gage 
was  completely  compressed  and  then  stepwise  extended  until  the  core  was 


Figure  15  -  Overextended  Strain  Gage 
at  180°,  6  M 
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TIME  FROM  DETONATION- SEC 


Figure  17  -  Strain  Records  from  Gages  at  18Q‘’-G  M, 


removed  from  the  transformer.  The  normalized  voltage-strain  curve  is  then 
applied  to  the  data  from  the  overextended  gages  assuming  that  the  over- 
extension  occurred  as  a  single  extension.  The  unfolded  data  is  shown  in 
Figure  19*  The  strain  rate  at  6  m  depth  appears  to  be  stabilizing  at 
about  450%/sec  at  275  msec  when  the  core  left  the  transformer.  The  strain 
rate  at  45  m  and  0.9  m  is  decreasing  when  complete  separation  occurs  at 
about  290  msec  and  350  msec,  respectively.  The  strain  gage  at  1.2  m  is 
recompressing  after  an  extension  to  about  30%  strain,  but  the  tubes  are 
separated  and  are  not  aligned  properly  for  telescoping  to  take  place. 

The  gage  then  locks  up  at  about  450  msec.  The  gage  at  1.5  m  is  behaving 
in  a  "normal"  fashion. 

the  value  of  the  negative  phase  pressure  cannot  be  obtained  from 
the  pressure  record  with  any  accuracy.  However,  if  the  material  is 
lifted  and  put  in  a  free  fall  condition,  the  negative  phase  pressure 
(pressure  below  atmospheric)  that  would  lift  a  block  of  material  with  no 
strength  could  be  crudely  considered  to  be  P  =  pgd  where  P  is  the  nega¬ 
tive  phase  pressure,  p  is  the  soil  density,  d  is  the  depth  to  which  soil 
can  be  lifted  against  gravity  and  g  is  the  acceleration  of  gravity,  p  = 
1.25  and  if  d  is  taken  as  1.5  m,  then  P  =  0.015  MPa,  a  reasonable  value 
for  the  negative  phase  pressure. 


Gage  Cal 
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